INTRODUCTION
Butyrolactones make part of a class of substances with high occurrence in nature. They have different biological profile such as potent antibiotics, antivirals, antifungal 1 among others. Because of these important biological activities various synthetic methodologies capable of producing the butyrolactone ring β,γ-disubstituted are available in literature 2 , however, few methods allow the introduction of the cis relative stereochemistry between C3-C4 and an acyl group at position C3 . 3, 4 This study aims to develop a new synthetic route to obtain enantiopure cis β,γ-disubstituted γ-butyrolactone rings, using nitroalkanes as nucleophiles in diastereoselective Michael additions.
RESULTS AND DISCUSSION
The enoate Z-1 was prepared from D-(+)-mannitol in 3 steps in mixture of isomers Z/E 10:1 ratio. Different nitroalkanes were added in the presence of TBAF or DBU as base, yield ranging from 63 to 78% with good to excellent diastereoselectivity syn/anti (12 to 22:1). This stereoselectivity was independent of the base used. No addition products were detected in the reaction with 2f, 2g and 2h. (Scheme 1).
. Esquema 1. synthetic route to obtaining β-acyl-β,γ-cisbutyrolactones. 2a, R1 = R2 = H; b, R1 = CH2CH3, R2 =; H; c, R1 = R2 = CH3; d, R1 = CH2(CH2)9CH3, R2 = H; e, R1 = CH2COOEt, R2 = H; f, R1 = CH2CH2OH, R2 = H; g, R1 = CH2Br, R2 = H; h, R1 = CH2CH2COOEt, R2 = H.
The lactonization of Michael adducts was accomplished in acid medium and methanol, providing the desired lactone in high yield (92-99%), except to the 3c adduct gave a mixture of Five-and six-members lactones on a 1:1 ratio and the adduct 3e in which the substrate degraded in the presence of acid medium.
The determination of the stereochemistry of the Michael adducts was confirmed by 1 H NMR analysis, by measuring coupling constants 3 JH3-H4 = 8.0 Hz (4a), 3 JH3-H4 = 7.8 Hz (4b and 4d) and 3 JH3 -H4 = 7.4 Hz (4c). These coupling constants indicated a cis relationship between H3 and H4 lactone confirming the syn stereoselectivity in the addition of alkyl nitronates anions to enoate Z-1.
The conversion of the nitro group to ketone was accomplished using the Gissot protocol. 5 Nef reaction of 5b was obtained in 51%, along with the formation of the corresponding oxime as byproduct (20%). With the increasing amount of NaNO2, the reaction (2 equivalent to 6 equivalent), a higher chemical yield of 5d (77%) was obtained without detection of the corresponding oxime as byproduct. Besides good performance, this methodology uses a neutral condition avoiding epimerization in C3 position.
CONCLUSION
This work describes a simple and fast methodology, highly cis-stereoselective, to obtain β-acylhydroxymethylene-γ-butyrolactone, in just three steps from commercial enoate 1. By this methodology it was possible to synthesize the cis lactone 5, synthetic intermediate used in the formal synthesis of (+)-nephrosteranic acid. 6 Studies are being carried out to inclusion of others functionalized nitroalkenes in γ-lactones. 
